OBJECTIVE: Delayed cord clamping has been shown to decrease the need for transfusion in preterm neonates, but may delay resuscitation. The aim of this study was to determine whether umbilical cord milking compared with immediate cord clamping in extremely preterm deliveries reduces the need for neonatal red blood cell transfusion. STUDY DESIGN: Women admitted to a tertiary care center and expected to deliver between 24 to 28 completed weeks of gestation were randomized to cord milking before clamping or immediate cord clamping. The primary outcome was the risk of neonatal transfusion, reported as risk ratio (RR) and 95% confidence interval (CI). RESULT: Of 113 women who were enrolled and randomized, 56 were assigned to cord milking with 36 remaining eligible and completing the study and 57 were assigned to the control group with 39 remaining eligible and completing the study. Albeit not statistically significant, neonates in the cord milking group were less likely to require transfusion compared with those in the control group (RR: 0.86; 95% CI: 0.73 to 1.0). Neonates whose cords were milked had higher hematocrits at birth (P ¼ 0.004) and were less likely to develop an intraventricular hemorrhage (P ¼ 0.0195). CONCLUSION: Milking the umbilical cord of a preterm neonate is an easy intervention with the potential to improve perinatal outcomes. Our results suggest that milking of the cord increases the neonate's initial hematocrit and may lessen the need for transfusion in the neonatal period. The observed reduction in the incidence of intraventricular hemorrhage may have important long-term implications that warrant further study.
INTRODUCTION
Despite recent advances in perinatal and neonatal medicine that have improved the survival of very low birth weight infants (less than 1500 g), anemia of prematurity continues to complicate the care of these infants who often require red blood cell transfusions within the first three weeks of life. 1 Although transfusion remains the mainstay of management for anemia of prematurity, it is a temporary and imperfect treatment. Its use inhibits erythropoiesis and comes with risks such as infection, graft-versus-host disease and transfusion-related lung and gut injuries. Current strategies to reduce the number of transfusions include the administration of recombinant human erythropoietin and supplementation with iron, folate and vitamin B12. However, these treatments have unclear benefits and accompanying risks. [2] [3] [4] [5] After birth, the timing of cord clamping may have a substantial impact on the amount of blood transfused to the newborn from the placenta. During the first 5 to 15 s after delivery, blood volume increases by 5 to 15 ml kg À 1 as a result of uterine contractions. This early placental transfusion does not occur if the cord is clamped immediately after birth or if uterine contractions do not occur. 6 In preterm neonates, randomized trials and meta-analyses have shown that delaying cord clamping for at least 30 s compared with immediate cord clamping results in increased circulating blood volume in the first 24 h of life, and a lower incidence of red blood cell transfusion, necrotizing enterocolitis and intraventricular hemorrhage. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Despite these advantages, a delay in cord clamping of 30 s or more may theoretically interfere with neonatal resuscitation and potentially increase the risk of neonatal hyperbilirubinemia. 9 An alternative method, active placental transfusion (milking the umbilical cord toward the baby before clamping), should take less than 5 s and therefore should not interfere with neonatal resuscitation. One published randomized controlled trial has compared delaying cord clamping for 30 s to cord milking in preterm infants and found that the two interventions resulted in a similar amount of placento-fetal blood transfusion. 17 A recent study of cord milking compared with immediate clamping in term infants delivered by cesarean section showed an increase in hematocrit at 36 to 48 h of age. 18 Although some practitioners have adopted this practice of active milking of the umbilical cord in preterm deliveries, there is a paucity of data to support this practice.
Only one published randomized controlled trial has compared umbilical cord milking with immediate cord clamping in extremely preterm deliveries (less than 28 weeks). This study was performed in Japan and reported that umbilical cord milking reduced the need for red blood cell transfusions in the neonatal period. 20 The same study also reported that milking the cord in extremely preterm infants increased infant blood pressure in the first 12 h of life and urine output in the first 72 h of life. 21 A recent retrospective study confirmed these results and demonstrated that umbilical cord milking as compared with immediate cord clamping also improved neonatal left ventricular diastolic function and stabilized neonatal cerebral oxygenation. 22 The objective of our pilot randomized controlled trial was to investigate the influence of active umbilical cord milking before cord clamping, compared with immediate cord clamping, on the red blood cell transfusion requirements in neonates born between 24 and 28 completed weeks of gestation in a US population.
METHODS
This randomized controlled trial was conducted at a single tertiary care center and was approved by the Institutional Review Board at Eastern Virginia Medical School. Pregnant women (aged 18 years or older) admitted to our institution at risk for delivering a singleton preterm infant between 24 and 28 completed weeks of gestation were eligible to participate if there were adequate time before anticipated delivery to obtain written informed consent. Exclusion criteria included antenatally diagnosed major fetal congenital anomaly, known Rh sensitization, hydrops fetalis, known recent maternal exposure to Parvovirus, elevated peak systolic velocity of the fetal middle cerebral artery or clinical suspicion of placental abruption at delivery due to excessive maternal bleeding or uterine hypertonicity. All participants were given antenatal corticosteroids on admission.
Women who gave written informed consent were randomized before delivery to one of two groups using random permuted blocks of 10; an independent statistician provided the randomization sequence. Serially numbered opaque envelopes contained arm bands identifying whether a patient was assigned to the cord milking or control group. These arm bands were secured on the patient's wrist after randomization to alert the obstetrical staff that the patient was a study participant.
In order to ensure standardization of the cord milking technique, all delivering physicians were shown a video on how to perform the cord milking before study initiation (Supplementary Movie 1). An extended hand's width length of cord (from the tip of the thumb to the tip of the pinky finger, 20 ± 2 cm) was used as the standard. Infants in the cord milking group were placed at or below the level of the placenta if delivered vaginally or at the same level as the placenta if delivered by cesarean section, and B20 cm of the umbilical cord was actively milked towards the umbilicus three times before clamping the cord. Infants in the control group had the cord clamped and cut immediately after delivery.
The neonatologists and pediatric support staff were not blinded to treatment assignment given that they were required to be present for the delivery. However, they were not alerted for study participation or treatment assignment and no notation of study participation was made in the neonate's chart in order to minimize the possibility that postnatal treatment decisions would be influenced by study participation. Demographic and outcome data were obtained from the electronic medical records of the women and their neonates. The primary outcome was the need for red blood cell transfusion in the first 28 days of life. Secondary outcomes included Apgar scores, umbilical cord pH, type of resuscitation, initial neonatal hemoglobin and hematocrit, initial neonatal blood pressure, time (in days) from birth to transfusion, total volume of red blood cells transfused in the first 28 days of life, need for phototherapy, number of days of phototherapy and known complications of prematurity such as respiratory distress syndrome, intraventricular hemorrhage (including stage), periventricular leukomalacia, chronic lung disease, retinopathy of prematurity, hyperkalemia, sepsis, necrotizing enterocolitis (defined by Bell's criteria) and death. All neonatal diagnoses were obtained from pediatric discharge summaries or death summaries.
The sample size was calculated based on the expected incidence of red blood cell transfusion in extremely preterm neonates. With immediate cord clamping, B70% of neonates were expected to require transfusion in the first 28 days of life; this was estimated from data provided by the neonatologists at our institution. We hypothesized that cord milking would result in a 30% reduction in the incidence of blood transfusion, which would yield an incidence of 49% in the treatment group. Assuming a one-sided a level of 0.05, 67 evaluable infants were needed in each group to achieve 80% power. We aimed to enroll 80 women in each group to account for loss due to patient withdrawal and the expectation that some participants would become ineligible due to continuation of pregnancy beyond 28 completed weeks of gestation or the development of bleeding suspicious for placental abruption.
All data analysis was performed using SAS 9.3 (SAS institute, Cary, NC, USA). All tests were two sided and an intent-to-treat approach was used. Data are presented as median (interquartile range) or proportion. Comparisons were made using a w 2 or Fisher's exact test for categorical variables and the Wilcoxon rank sum test for continuous variables. We used Poisson regression with the robust error variance to calculate risk ratios and 95% confidence intervals. One planned interim analysis and one unplanned interim analysis were conducted. An adjusted P-value that would account for the interim analyses was not specified a priori. We considered the methods of adjustment typically used in trial design and chose the most conservative option given that the choice was being made after conclusion of the trial. To account for the two interim analyses and the final analysis, we have used Pocock's method to adjust the P-values and preserve the Type 1 error. On the basis of these considerations, a P-value o0.0221 was considered statistically significant 23 . The study was discontinued after the second interim analysis with 113 enrolled patients.
RESULTS
From September 2009 through June 2011, 113 women consented to participate and were enrolled and randomized; 57 women were assigned to the control group (immediate cord clamping) and 56 were assigned to the cord milking group. Of these women, 75 (66.4%) were included in the final analysis and the remaining 38 were excluded. Of the participants who were excluded from the final analysis, 16 in each group remained pregnant past 28 completed weeks of gestation. In the control group, an additional 2 women were excluded after enrollment when they were noted to be ineligible-one who did not meet the maternal age criteria and another who had known Rh sensitization. In the cord milking group, 4 women were excluded because they developed vaginal bleeding that was concerning for placental abruption before or during delivery. Included in the final analysis were 39 women in the control group and 36 in the cord milking group. During the delivery of one woman in the cord milking group, the cord was inadvertently clamped and cut immediately.
The median gestational age at admission and randomization was 25.9 (24.9 to 27.1) weeks in the cord milking group and 25.0 (24.3 to 26.4) weeks in the control group. The most common diagnoses at admission were preterm labor, preterm premature rupture of membranes, preeclampsia and intrauterine growth restriction. The hemoglobin and hematocrit at admission were within normal limits in both groups. Baseline participate characteristics are shown in Table 1 .
The median gestational age at delivery was 27.0 (25.5 to 28.1) weeks in the cord milking group and 26.3 (25.1 to 27.1) weeks in the control group. The most common intrapartum complication in each group was non-reassuring fetal heart tracing (22.2% in the cord milking group and 20.5% in the control group). In the cord milking group, three participants (8.3%) had chorioamnionitis, whereas in the control group eight participants had chorioamnionitis (20.5%). In each group, the majority of women had a cesarean delivery (55.6% in the cord milking group and 66.7% in the control group). Intrapartum and neonatal characteristics are displayed in Table 2 .
In the cord milking group, 83.3% of neonates required transfusion of packed red blood cells in the first 28 days of life compared with 97.4% in the control group (P ¼ 0.05), yielding a RR of 0.86 (95% confidence interval: 0.73 to 1.0). Although not an a priori-specified analysis, we evaluated the need for transfusion in the more immediate postnatal period (the first 14 days of life).
In the cord milking group, 19 (52.8%) neonates had a transfusion before 14 days of life versus 30 neonates (76.9%) in the control group (risk ratio: 0.67; 95% confidence interval: 0.48 to 0.98; P ¼ 0.04).
In addition, the incidence of intraventricular hemorrhage was significantly lower in the cord milking group (25.0%) compared with the control group (51.3%; P ¼ 0.0195), such that neonates in the cord milking group were 51% less likely to develop an intraventricular hemorrhage (risk ratio: 0.49; 95% confidence interval: 0.26 to 0.93). Among neonates who developed intraventricular hemorrhage, there was no difference between the groups in the median grade of the intraventricular hemorrhage (P ¼ 0.79). The incidence of a grade 3 or 4 intraventricular hemorrhage was similar in the cord milking group (33.3%) compared with the control group (30.0%; P ¼ 1.0).
The neonates in the cord milking group had significantly higher initial hemoglobin (P ¼ 0.005) and hematocrit (P ¼ 0.004) levels than the neonates in the control group. There was not a significant increase in the need for phototherapy to treat hyperbilirubinemia in the cord milking group (91.7%) compared with the control group (97.4%; P ¼ 0.35). There also were no significant differences between the groups with respect to median Apgar scores at 1, 5 and 10 min and median cord pH (all P40.44). Every neonate in both groups was intubated at delivery and given surfactant in the delivery room. There were no statistically significant differences between the groups concerning other diagnoses or complications of prematurity, including neonatal death (all P40.09). Neonatal outcomes are shown in Table 3 .
DISCUSSION
Although the difference in the incidence of neonatal transfusion did not reach statistical significance in our study, the 14.1% absolute decrease observed in the cord milking group may indeed be clinically significant. Despite the theoretical concern that active milking of the umbilical cord before cord clamping may increase the risk of hyperbilirubinemia and the need for phototherapy in the neonatal period, our data did not support this.
Neonates in the cord milking group were significantly less likely to develop an intraventricular hemorrhage, which is consistent with results of previous studies of delayed cord clamping in preterm deliveries. 7, 8, 14 This finding may in fact be more clinically meaningful than the potential reduction in the need for red blood cell transfusion, as an intraventricular hemorrhage in the neonatal period may have lifelong implications. Given that intraventricular hemorrhage is an important contributor to mortality and serious long-term neurodevelopmental disability, if this finding is replicated in other studies, active milking of the umbilical cord could substantially improve neonatal outcomes. Long-term data are needed to further investigate these findings.
Despite randomization, compared with the cord milking group a larger proportion of participants in the control group had an intrapartum diagnosis of chorioamnionitis (Table 1 ) and a larger proportion of neonates had sepsis ( Table 2 ). The diagnoses of chorioamnionitis during labor and sepsis in the neonatal period are associated with aggressive management and multiple venipunctures, which may increase the likelihood of requiring neonatal red blood cell transfusion. All of the neonates with either intrapartum chorioamnionitis or neonatal sepsis were transfused in the neonatal period. It is of course difficult to know whether anemia in the postnatal period of neonates who did not undergo cord milking may have predisposed them to an increased risk of neonatal sepsis.
The generalizability of our conclusions may be limited due to the fact that the study was conducted in a tertiary care facility with state of the art neonatal resuscitation available for all deliveries. Although to our knowledge this is the largest randomized controlled trial comparing cord milking with immediate cord clamping, our relatively small sample size limited our ability to assess secondary outcomes, such as necrotizing enterocolitis and other neonatal complications. One reason for our limited sample size was the post-randomization exclusion of participants, mainly for delivery after 28 completed weeks of gestation. Although this was primarily due to the fact that we recruited participants at the time of admission for pregnancy complications indicative of delivery in the short term, we were concerned that we would face similarly limiting challenges if we delayed the recruitment until just before the anticipated time of delivery. In addition, the unplanned interim analysis and the conservative Type 1 error adjustment yielded a lower cutoff for statistical significance than would have been utilized if the interim analyses had been accounted for in the study design. With one exception, each participant received the correct assigned intervention. The one participant in the cord milking group whose cord was immediately clamped also received a red blood cell transfusion. If this participant was analyzed in the control group, the difference observed between the two groups would have been even larger. We believe that the results of our preliminary trial justify the need for a larger multicenter study to further evaluate the potential benefits of active umbilical cord milking in preterm deliveries. In particular, the observed reduction in the incidence of intraventricular hemorrhage may have important long-term clinical implications that warrant further study. Hastening the passive transfusion that has been demonstrated in delayed cord clamping by instead actively milking the cord should be clinically beneficial due to the need for resuscitation of preterm neonates. If future studies find similar benefits from active cord milking, then routinely implementing this simple practice could potentially have a dramatic benefit on outcomes for preterm infants. In developing countries, where medical facilities often are not equipped with the resources of a tertiary care facility and the risk of transmitting infection through transfusion may be greater, the potential benefit of cord milking may be even more dramatic. 
